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A T u t o r i a l  
Donald M. Layton* 
Naval P o s t g r a d u a t e  School  
Monterey, C a l i f o r n i a  
The purpose  of t h i s  paper  is t o  
p r e s e n t  t h e  b a s i c  e l e m e n t s  of t h e  p r i n -  
c i p l e s  of a e r o s t a t i c s  f o r  t h o s e  who a r e  
i n t e r e s t e d  i n  t h e  g e n e r a l  f i e l d  of 
Lighter-Than-Air v e h i c l e s .  The development  
of S t a t i c  L i f t  is d i s c u s s e d  a s  is t h e  
e f f e c t  of t h e  v a r i a t i o n  of a t m o s p h e r i c  
p a r a m e t e r s  on t h e  l i f t  of an  a e r o s t a t .  
e f f e c t s  of t h e  motion can  be used t o  an 
a d v a n t a g e ,  however, i f  t h e  motion can be 
used t o  g e n e r a t e  l i f t .  By s h a p i n g  t h e  
body, o r  a  p o r t i o n  t h e r e o f ,  a s  a  l i f t  pro- 
d u c i n g  f o i l  a  l i f t i n g  f o r c e  may be d e v e l -  
oped t o  s u p p o r t  t h e  weigh t  of t h e  body, 
p rov ided  s u f f i c i e n t  forward speed is 
a t t a i n e d .  I n  a i r  t h i s  is t h e  a i r p l a n e ,  
w h i l e  i n  w a t e r  ( h y d r o )  t h i s  is t h e  hydro- 
INTRODUCTION 
f o i l  c r a f t .  
A p r i n c i p a l  d i s a d v a n t a g e  of t h e  
dynamic l i f t  v e h i c l e  is t h a t  it r e a u i r e s  
Because of t h e  n e a r l y  t h r e e  decade  gap  
i n  Lighter-Than-Air t e c h n o l o g y ,  much of 
t h e  b a s i c  of a e r o s t a t i c s  h a s  been b u r i e d  
w i t h  t h e  r e s u l t  t h a t  e a c h  new e n t r a n t  i n t o  
t h e  f i e l d  must a l m o s t  r e d i s c o v e r ,  i f  n o t  
r e i n v e n t  t h e  t e c h n i c a l  i n f o r m a t i o n  necess -  
a r y  t o  make q u a l i t a t i v e  and q u a n t i t a t i v e  
s t u d i e s .  I t  has  been f e l t ,  t h e r e f o r e ,  t h a t  
a  summary of t h e s e  b a s i c s  would p r o v i d e  a  
ready  r e f e r e n c e  f o r  t h e  f u t u r e .  
Any v e h i c l e  o p e r a t i n g  i n  a  medium may 
o b t a i n  l i f t i n g  f o r c e s  from t h r e e  pr imary 
s o u r c e s ,  a s  shown i n  F i g .  1. 
- 2 -  - -  
fo rward  motion a t  some f i n i t e  v e l o c i t y  t o  
g e n e r a t e  t h e  l i f t .  A s  a  r e s u l t ,  t h i , s  
v e h i c l e  can n e i t h e r  f l y  v e r y ,  v e r y  s l o w l y  
nor  can it remain a i r b o r n e  a t  z e r o  forward 
v e l o c i t y  ( h o v e r ) .  I f  t h e s e  a t t r i b u t e s  a r e  
r e q u i r e d ,  one must p r o v i d e  some s o r t  of 
i n t e r n a l  powering f o r  t h e  s t a t i c  l i f t ,  
such a s  a  v e r t i c a l  jet e x h a u s t  o r  a  pro-  
p e l l e r  w i t h  a  v e r t i c a l  downflow. I n  a i r  
t h i s  is t h e  h e l i c o p t e r  and on w a t e r  ( o r  i n  
c l o s e  p r o x i m i t y  t o  t h e  e a r t h )  t h i s  is t h e  
A i r .  Cushion V e h i c l e ,  sometimes c a l l e d  t h e  
Ground E f f e c t  Machine. 
Having d e f i n e d  t h e s e  p r imary  s o u r c e s  
POWERED 
STATIC 
F i g .  1 The L i f t  Logo 
The most economical  of t h e s e  f o r c e s  
from t h e  p r o d u c t i o n  of l i f t  p o i n t  of view 
is undoubted ly  t h e  S t a t i c  L i f t  wherein a  
buoyant  f o r c e  is  g e n e r a t e d  by t h e  d i s -  
p lacement  of a  p o r t i o n  of t h e  s u p p o r t i n g  
medium by t h e  body. For  a  water-borne 
v e h i c l e ,  t h i s  l i f t  is embodied i n  t h e  d i s -  
p lacement  s h i p ,  and f o r  t h e  a i r b o r n e  
v e h i c l e s ,  t h i s  is t h e  b a l l o o n .  
The i n e f f i c i e n c y  of t h e  S t a t i c  L i f t  
v e h i c l e  comes when it is r e q u i r e d  t o  move 
t h r o u g h  t h e  s u r r o u n d i n g  .medium. Due t o  t h e  
n a t u r e  of d i s p l a c e m e n t  buoyancy, t h e s e  
v e h i c l e s  t e n d  t o  be v e r y  l a r g e  and,  a s  a  
r e s u l t ,  t h e y  d e v e l o p  a  g r e a t  d e a l  of 
dynamic d r a g  when i n  motion. The dynamic 
of l i f t i n g -  f o r c e ,  one might  o b s e r v e  t h a t  
it is p o s s i b l e  t o  u s e  two of t h e s e  
s o u r c e s ,  o r  even a l l  t h r e e ,  i n  combina- 
t i o n .  By s o  d o i n g  one moves from t h e  p u r e  
l i f t i n g  f o r c e  s o u r c e ,  f o r  example S t a t i c  
L i f t ,  t o  a  h y b r i d  s o u r c e ,  such a s  a  
p a r t i a l  S t a t i c  L i f t  and a  p a r t i a l  Dynamic 
L i f t .  
Al though t h i s  d i s c u s s i o n  w i l l  a p p l y  
o n l y  t o  t h e  S t a t i c  L i f t  of Lighter-Than-  
A i r  c r a f t ,  t h e  p r i n c i p l e s  w i l l  a p p l y  t o  
t h e  S t a t i c  L i f t  p o r t i o n s  of h y b r i d  
v e h i c l e s .  
STATIC LIFT 
The p r i n c i p a l  t e n e t  of S t a t i c  L i f t  is 
t h a t  a  body d i s p l a c e s  a  volume of t h e  
medium, a i r ,  whose weigh t  is  e q u a l  t o  o r  
g r e a t e r  t h a n  t h e  t o t a l  we igh t  of t h e  
immersed body. I f  t h e  weigh t  is  e q u a l ,  t h e  
body is s a i d  t o  have n e u t r a l  buoyancy, 
w h i l e  i f  t h e  weigh t  of t h e  body is  less 
t h a n  t h a t  of t h e  d i s p l a c e d  a i r ,  t h e  body 
has  a  p o s i t i v e  buoyancy. 
Inasmuch a s  t h e  g e n e r a l  s t r u c t u r e  of 
t h e  v e h i c l e ,  t h a t  is  t o  s a y  t h e  o u t e r  
c o v e r ,  t h e  i n t e r n a l  framework ( i f  
r e q u i r e d ) ,  t h e  pay load  compartment,  t h e  
c o n t r o l  s u r f a c e s  e t  c e t e r a ,  a l l  have a  
weigh t  c o n s i d e r a b l y  i n  e x c e s s  of t h e  
* P r o f e s s o r  of A e r o n a u t i c s  weigh t  of an e q u a l  volume of a i r ,  t h e  
A s s o c i a t e  Fe l low,  A I A A  i n t e r i o r  of a  S t a t i c  L i f t  a i r c r a f t  must be  
f i l l e d  w i t h  some s u b s t a n c e  t h a t  i s  cons id-  
e r a b l y  l i g h t e r  t h a n  t h e  s u r r o u n d i n g  
medium. Hence t h e  name "Lighter-Than-Airw.  
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TABLE 1. S p e c i f i c  L i f t  o f  Gases 
GAS SP. LIFT ( l b / f t 3 )  
Hydrogen 0  .0702 
He l ium 0.0650 
S team ( 2 1 2  OF) 0 .0381  
Methane  0 .0337 
A i r  ( 3 5 0  OF)  0 .0271  
N a t u r a l  Gas  0.0248 
Ammonia 0.0052 
I f  o n e  w e r e  t o  i g n o r e  t h e  w e i g h t  o f  
t h e  r e q u i r e d  e n c l o s u r e  ( t h e  ' e n v e l o p e ' )  
a n d  c o n s i d e r  o n l y  t h e  S t a t i c  L i f t  o f  v a r -  
i o u s  g a s s e s ,  one  would f i n d  a  r e l a t i o n s h i p  
o f  s p e c i f i c  l i f t  ( p o u n d s  o f  l i f t  p e r  c u b i c  
f o o t  o f  g a s )  as is shown i n  T a b l e  1. 
The d a t a  f o r  T a b l e  1 were  o b t a i n e d  by 
s u b t r a c t i n g  t h e  s p e c i f i c  w e i g h t  o f  t h e  
g a s  i n  q u e s t i o n  f rom t h e  s p e c i f i c  w e i g h t  
o f  a i r  (0 .0754 l b / f t 3 ) .  F o r  example ,  th.5 s p e c i f i c  w e i g h t  o f  He l ium is 0.0104 l b / f t  
a n d  s u b t r a c t i n g  t h a t  f rom t h e  s p e c i f i c  
w e i g h t  o f  a i r  g i v e s  2 s p e c i f i c  l i f t  f o r  
He l ium o f  0.0650 l b / f t  . 
The d a t a  o f  T a b l e  1 a r e  b a s e d  on a 100  
p e r c e n t  p u r e  g a s  a t  s t a n d a r d  s e a  l e v e l  
c o n d i t i o n s  and a t  t h e  same t e m p e r a t u r e  as 
t h e  a i r  t h a t  is d i s p l a c e d .  I t  c a n  b e  s e e n  
f r o m  T a b l e  1 t h a t  t h e  g r e a t e s t  S t a t i c  L i f t  
is  t o  b e  o b t a i n e d  f rom Hydrogen w i t h  
He l ium a  c l o s e  s e c o n d .  I t  is t o  b e  n o t e d  
t h a t  a l t h o u g h  t h e  l i f t i n g  c a p a c i t y  o f  
Hydrogen is e i g h t  p e r c e n t  ( 8 % )  g r e a t e r  
t h a n  t h a t  of  Hel ium,  t h e  w e i g h t  o f  a  g i v e n  
volume o f  Hydrogen is  a b o u t  h a l f  t h a t  o f  
a n  e q u a l  volume o f  Helium. T h i s  is  d u e  t o  
t h e  f a c t  t h a t  t h e  l i f t i n g  c a p a c i t y  o f  a 
g a s  is t h e  d i f f e r e n c e  be tween  i t s  w e i g h t  
and  t h e  w e i g h t  of  a n  e q u a l  volume o f  a i r .  
When one  c o n s i d e r s  t h e  h i g h  d e g r e e  o f  
f l a m m a b i l i t y  o f  Hydrogen,  one  m i g h t  p o n d e r  
why t h a t  is g a s  is e v e n  c o n s i d e r e d  a s  a 
S t a t i c  L i f t  s o u r c e .  The a n s w e r  l i es  i n  t h e  
e c o n o m i c s  of i ts  p r o c u r e m e n t .  Where in  
He l ium mus t  b e  mined o r  e x t r a c t e d  f rom 
m i n u t e  q u a n t i t i e s  i n  t h e  a t m o s p h e r e ,  
Hydrogen c a n  b e  o b t a i n e d  e a s i l y  and r a t h e r  
i n e x p e n s i v e l y  f rom t h e  e l e c t r o l y s i s  o f  
w a t e r .  
The t h i r d  g a s  i n  T a b l e  1 is  minimum 
t e m p e r a t u r e  ( 2 1 2  OF) steam. A l t h o u g h  s t e a m  
w i l l  p r o v i d e  o v e r  o n e - h a l f  t h e  l i f t i n g  
c a p a c i t y  o f  e i t h e r  Hydrogen o r  Hel ium,  t h e  
t e m p e r a t u r e  is  h a z a r d o u s  and  t h e  
g e n e r a t i o n  e q u i p m e n t  i s  u s u a l l y  b u l k y  and 
o f  heavy  w e i g h t .  
A l t h o u g h  Methane  is f l ammable ,  i t s  
f l a m m a b i l i t y  is s i g n i f i c a n t l y  less t h a n  
t h a t  o f  Hydrogen.  Even though  i t s  s p e c i f i c  
l i f t  is o n l y  a b o u t  o n e - h a l f  o f  t h e  two t o p  
c a n d i d a t e s ,  Methane  g a s  ( a n d  i n  p a r -  
t i c u l a r ,  a  n a t u r a l l y  o c c u r r i n g  fo rm c a l l e d  
' B l a u e s  g a s '  was u s e d  i n  some e a r l y  German 
a i r s h i p s .  B e c a u s e  it is l i g h t e r  t h a n  a i r  
and  a l s o  f l ammable ,  Methane  o f f e r s  t h e  
u n i q u e  c a p a b i l i t y  o f  f u r n i s h i n g  n o t  o n l y  
t h e  l i f t i n g  f o r c e ,  b u t  a l s o  a p o r t i o n  o f  
t h e  f u e l  f o r  t h e  e n g i n e s .  F o r  a n  a i r s h i p  
w i t h  l o n g  f l i g h t  d u r a t i o n ,  a s  t h e  f u e l  is  
consumed less S t a t i c  L i f t  is r e q u i r e d .  
T h e r e f o r e ,  w i t h  a  j u d i c i o u s  u s e  o f  t h e  
s t a n d a r d  f u e l  and  t h e  Methane  f u e l ,  o n e  
m i g h t  m a i n t a i n  a n  e q u i l i b r i u m  c o n d i t i o n .  
A l t h o u g h  it s t a n d s  a p o o r  f i f t h  on 
t h e  l i s t  of  S t a t i c  L i f t  g a s e s ,  h e a t e d  a i r  
is  c u r r e n t l y  t h e  mos t  p o p u l a r  f o r  s p o r t  
L igh te r -Than-Ai r  v e h i c l e s .  The r e a s o n  f o r  
i ts  p o p u l a r i t y  is ,  of c o u r s e ,  i t s  low c o s t  
and r e a d y  a v a i l a b i l i t y .  And by t h e  u s e  o f  
a  f u e l  b u r n e r ,  s u c h  as a p r o p a n e  b u r n e r ,  
t h e  amount o f  h e a t  i m p a r t e d  t o  t h e  a i r  i n  
t h e  e n v e l o p e  ( a n d  t h e r e f o r e  t h e  l i f t )  c a n  
b e  c l o s e l y  c o n t r o l l e d .  
The l i f t i n g  c a p a c i t y  o f  h e a t e d  a i r  
comes f r o m  t h e  d e c r e a s e d  d e n s i t y  o f  a 
h e a t e d  g a s .  T h i s  is a  p r o p e r t y  of a l l  
g a s e s ,  n o t  a i r  a l o n e ,  and  o f f e r s  t h e  poss -  
i b i l i t y  o f  i n c r e a s i n g  t h e  l i f t i n g  c a p a c i t y  
o f  o t h e r  g a s e s ,  s a y  f o r  example  Helium, by  
h e a t i n g  t h e  g a s .  T h e r e  have  b e e n  many pro-  
p o s a l s  t o  u s e  t h e  e x c e s s  h e a t  f rom t h e  
p r o p u l s i o n  e n g i n e s  t o  h e a t  t h e  l i f t i n g  g a s  
o f  a n  a i r s h i p ,  b u t  l i t t l e  h a s  b e e n  done  i n  
t h e  way of  a p r a c t i c a l  d e m o n s t r a t i o n  o f  
t h i s  phenomena. 
N a t u r a l  g a s  c o u l d  b e  u s e d  i n  a  s i m i -  
l a r  manner t o  Methane  a s  b o t h  a  l i f t i n g  
a n d  f u e l i n g  medium, b u t  i t s  s l i g h t l y  l o w e r  
s p e c i f i c  l i f t  t o g e t h e r  w i t h  i t s  l o w e r  h e a t  
c o n t e n t  d o e s  n o t  make it a  v i a b l e  c a n d i -  
d a t e  f o r  o p e r a t i o n s  as m i g h t  b e  accomp- 
l i s h e d  w i t h  Methane .  
Ammonia, w h i l e  e x t r e m e l y  c o r r o s i v e  
and  d i f f i c u l t  t o  h a n d l e ,  o f f e r s  a n o t h e r  
u n i q u e  p o s s i b i l i t y  f o r  S t a t i c  L i f t .  
Ammonia h a s  t h e  p r o p e r t y  o f  b e i n g  a b l e  t o  
b e  a b s o r b e d  i n t o  a v e r y  s m a l l  q u a n t i t y  o f  
w a t e r  u n d e r  c e r t a i n  t e m p e r a t u r e  c o n d i -  
t i o n s .  Once a b s o r b e d ,  it c a n  b e  removed 
f rom t h e  w a t e r  v e r y  e a s i l y  and r e t u r n e d  t o  
its o r i g i n a l  g a s e o u s  s t a t e .  W h i l e  t h i s  h a s  
t h e  a p p e a r a n c e  o f  a l a b o r a t o r y  d e m o n s t r a -  
t i o n ,  c o n s i d e r  t h e  p o s s i b i l i t i e s  o f  
d e f l a t i n g  a n  a i r s h i p  when it is n o t  is 
u s e ,  s t o r i n g  t h e  g a s  i n  a  v e r y  s i m p l e  
manner and  t h e n  r e - i n f l a t i n g  t h e  e n v e l o p e  
when t h e  a i r s h i p  is  o n c e  a g a i n  r e q u i r e d .  
From an  e x a m i n a t i o n  o f  T a b l e  1, it 
m i g h t  b e  s a i d  t h a t  n o t h i n g  w i l l  p r o v i d e  
more  S t a t i c  L i f t  t h a n  Hydrogen.  And 
' n o t h i n g '  w i l l ,  i f  by n o t h i n g  o n e  means 
t h e  c o m p l e t e  e v a c u a t i o n  of t h e  e n v e l o p e  s o  
a s  t o  h a v e  a  p e r f e c t  vacuum. Even a 
p e r f e c t  vacuum w i l l  o n l y  p r o v i d e  approx-  
i m a t e l y  s i x t e e n  p e r c e n t  more s p e c i f i c  l i f t  
t h a n  w i l l  Helium! The p rob lem w i t h  
a t t e m p t i n g  t o  u s e  t h i s  a p p r o a c h  l i es  i n  
t h e  w e i g h t  o f  t h e  c o n t a i n e r  n e c e s s a r y  t o  
m a i n t a i n  t h e  p r e s s u r e  d i f f e r e n t i a l  be tween  
a t m o s p h e r i c  on t h e  o u t s i d e  and  z e r o  
p r e s s u r e  on t h e  i n s i d e .  F o r  t h e  o t h e r  
g a s e s ,  a  s l i g h t  o v e r p r e s s u r e  on t h e  
i n t e r n a l  g a s  is r e q u i r e d  o n l y  i f  t h i s  
p r e s s u r e  is  needed  t o  m a i n t a i n  a  s h a p e  o f  
t h e  e n v e l o p e .  The U. S. N a v y ' s  p r e s s u r e  
a i r s h i p s  of t h e  1 9 4 0 - 6 0 ' s  u s e d  a n  o v e r -  
p r e s s u r e  of  less t h a n  o n e - h a l f  o f  o n e  p e r -  
c e n t  of s t a n d a r d  a t m o s p h e r i c  p r e s s u r e  
( a b o u t  o n e  and a  q u a r t e r  i n c h e s  o f  w a t e r  
p r e s s u r e )  t o  m a i n t a i n  t h e  e n v e l o p e  s h a p e .  
HYBRID LIFT 
Once a l i f t i n g  g a s  h a s  b e e n  s e l e c t e d  
( a n d  o n l y  He l ium w i l l  b e  c o n s i d e r e d  d u r i n g  
t h e  r e m a i n d e r  o f  t h i s  d i s c u s s i o n ) ,  one  c a n  
augment  t h e  S t a t i c  L i f t  by  t h e  a d d i t i o n  o f  






























































The most b a s i c  way t o  d e v e l o p  a  h y b r i d  
a i r s h i p  is t o  c o n s t r u c t  t h e  a i r s h i p  i n  t h e  
s h a p e  of an a i r f o i l  and t h e n  f l y  it a t  a 
p o s i t i v e  a n g l e  of a t t a c k .  The U. S. Navy's 
ZPG-2 a i r s h i p  t o o k  o f f  w i t h  a  g r o s s  w e i g h t  
of  a p p r o x i m a t e l y  5,800 pounds.  T h i s  a i r -  
s h i p  had a l e n g t h  of a b o u t  340 f e e t ,  a  
d i a m e t e r  of a b o u t  75 f e e t  and a n  i n t e r n a l  
volume of  n e a r l y  1 ,000,000 c u b i c  f e e t .  The 
e x c e s s  w e i g h t  ( n e g a t i v e  buoyancy) d u r i n g  
t a k e - o f f  w a s  accommodated by Dynamic L i f t  
which reached  a  maximum of a b o u t  n i n e  p e r -  
c e n t  of t h e  g r o s s  we igh t .  
One d o e s  n o t  have t o  be  a  s t u d e n t  of 
a e r o n a u t i c s  t o  r e c o g n i z e  t h a t  an a i r s h i p  
l o n g e r  t h a n  a  f o o t b a l l  f i e l d  and approxim- 
a t e l y  one-ha l f  a s  wide when i n c l i n e d  t o  
t h e  a i r s t r e a m  by even  a few d e g r e e s  w i l l  
d e v e l o p  a c o n s i d e r a b l e  amount of ae rody-  
namic d r a g .  T h i s  d r a g  r e q u i r e s  much a d d i -  
t i o n a l  e n g i n e  power i n  o r d e r  t o  m a i n t a i n  
t h e  n e c e s s a r y  v e l o c i t y  f o r  f l i g h t .  
For  an a i r s h i p  t h a t  h a s  no p r o v i s i o n s  
f o r  r e f u e l i n g  and/or  r e b a l l a s t i n g  i n  
f l i g h t ,  t h e  Dynamic L i f t  r e q u i r e m e n t s  a r e  
t h e  g r e a t e s t  a t  t a k e - o f f  when t h e  a i r s h i p  
is  a t  t h e  g r e a t e s t  g r o s s  we igh t .  One s o l u -  
t i o n  t o  t h e  l i f t  problem is t o  u t i l i z e  
Powered S t a t i c  L i f t  t o  g e n e r a t e  t h e  e x c e s s  
l i f t  needed f o r  t a k e - o f f .  T h i s  may be  
accompl i shed  by t h e  u s e  of d e d i c a t e d  l i f t  
e n g i n e s  l o c a t e d  on t h e  a i r s h i p ,  o r  it may 
be  accompl i shed  by v e c t o r i n g  t h e  t h r u s t  of  
t h e  forward-motion p r o p u l s i o n  sys tems .  The 
l a t t e r  may be  done by t i l t i n g  t h e  pro-  
p u l s o r s  ( p r o p e l l e r s  o r  d u c t e d  f a n s )  s o  
t h a t  t h e  e n g i n e  t h r u s t  is e s s e n t i a l l y  
v e r t i c a l  a t  t a k e - o f f .  I f  t h e  e n g i n e s  are 
c a p a b l e  of  p r o v i d i n g  more t h r u s t  t h a n  is 
caeded t o  compensate  f o r  t h e  ' h e a v i n e s s ' ,  
t h e  p r o p u l s o r s  may b e  t i l t e d  o n l y  p a r t  way 
s o  a s  t o  p r o v i d e  b o t h  a  v e r t i c a l  and a  
h o r i z o n t a l  component of t h e  t h r u s t .  I f  
such  a  tilt d o e s  n o t  p r o v i d e  s u f f i c i e n t  
v e r t i c a l  f o r c e  t o  n e g a t e  t h e  h e a v i n e s s ,  
t h e  a i r s h i p  may r e q u i r e  a  ' r o l l i n g  t a k e -  
o f f '  and t h e  u s e  of Dynamic L i f t  i n  
a d d i t i o n  t o  t h e  Powered S t a t i c  L i f t  aug- 
m e n t a t i o n ,  t h u s  becoming a  S h o r t  Take-off 
and Landing (STOL) v e h i c l e  v i c e  a  V e r t i c a l  
Take-of f  (VTOL) c r a f t .  
I f ,  d u r i n g  t h e  c o u r s e  of i t s  f l i g h t  
t h e  a i r s h i p  u s e s  enough consumables  
( f u e l s ,  s t o r e s  e t  c e t e r a  t o  become t r u l y  
Lighter-Than-Air  ( p o s i t i v e  b u o y a n c y ) ,  t h e  
a i r s h i p  must r e s o r t  t o  n e g a t i v e  Dynamic 
L i f t  and /o r  n e g a t i v e  Powered S t a t i c  L i f t  
i n  o r d e r  t o  m a i n t a i n  e q u i l i b r i u m  f l i g h t .  
N e g a t i v e  Dynamic L i f t  is  o b t a i n e d  by 
f l y i n g  a t  a  n e g a t i v e  a n g l e  of a t t a c k  ( w i t h  
t h e  same d r a g  p e n a l t y  as w i t h  a  p o s i t i v e  
a n g l e  of a t t a c k ) .  The n e g a t i v e  Powered 
S t a t i c  L i f t  may be  o b t a i n e d  by t i l t i n g  t h e  
p r o p u l s o r s  s o  a s  t o  p r o v i d e  an upwards 
t h r u s t .  
A phenomena p e c u l i a r  t o  Lighter-Than-  
A i r  c r a f t  may o c c u r  when f l y i n g  w i t h  
p o s i t i v e  buoyancy. I f  t h e  a i r s h i p  a t t e m p t s  
t o  d e v e l o p  t h e  compensa t ing  n e g a t i v e  l i f t  
and f l y  a t  t o o  low a v e l o c i t y  and /or  t o o  
low a  n e g a t i v e  a n g l e  of a t t a c k ,  t h e  
a i r s h i p  w i l l  e n c o u n t e r  a  low speed  s t a l l  - 
and go  up! 
T h i s  i s  a  p a r t i c u l a r  problem d u r i n g  t h e  
l a n d i n g  approach  w i t h  a ' l i g h t  s h i p ' .  BY 
m a i n t a i n i n g  f l y i n g  speed a t  a  n e g a t i v e  
a n g l e  of a t t a c k ,  t h e  p i l o t  can ho ld  t h e  
a i r s h i p  down d u r i n g  t h e  a p p r o a c h ,  b u t  when 
t h e  p i l o t  s lows  t o  s t o p  and/or  r a i s e s  t h e  
nose  i n  an a t t e m p t  t o  g e t  t h e  t a i l  on t h e  
g round ,  t h e  a i r s h i p  has  a  t endency  t o  r ise 
away from t h e  l a n d i n g  p a r t y .  
PARAMETER EFFECTS 
PURITY 
W h e n  t h e  s p e c i f i c  l i f t  of t h e  v a r i o u s  
g a s e s  was shown i n  T a b l e  1, it was c o n s i d -  
e r e d  t h a t  t h e  l i f t  w a s  a v a i l a b l e  from one 
hundred p e r c e n t  p u r e  g a s .  Due t o  t h e  
n a t u r a l  i m p u r i t i e s  t h a t  are p r e s e n t  i n  
Helium as it is r e c o v e r e d  from t h e  e a r t h  
and due  t o  t h e  c o s t  of e x t e n s i v e  r e f i n i n g ,  
commercia l  Helium i s  seldom a v a i l a b l e  a t  
g r e a t e r  t h a n  n i n e t y  e i g h t  p e r c e n t  p u r i t y .  
When t h e  Helium i s  p l a c e d  i n  a  c o n t a i n e r  
w i t h  some d e g r e e  of  p o r o s i t y ,  s a y  a s  i n  a  
f a b r i c  e n v e l o p e ,  a i r  mixes  w i t h  t h e  Helium 
and f u r t h e r  r e d u c e s  t h e  p u r i t y .  I t  is  t h e  
custom i n  p r e s s u r e  a i r s h i p s  t o  ' pur ,geV t h e  
Helium a t  i n t e r v a l s  by pumping i n  h igh  
p u r i t y  Helium and pumping o u t  t h e  more 
impure g a s .  The l a t t e r  may t h e n  be re- 
c y c l e d  t h r o u g h  a  p u r i f i c a t i o n  p r o c e s s  and 
r e u s e d .  
One may e a s i l y  compute t h e  l i f t i n g  
e f f e c t s  of non-pure Helium by c o n s i d e r i n g  
t h a t  it is mixed w i t h  a i r .  For  example,  
s i n c e  t h e  l i f t i n g  f o r c e  e q u a l s  t h e  spe-  
c i f i c  w e i g h t  of t h e  a i r  minus t h e  s p e c i f i c  
w e i g h t  of t h e  c o n t a i n e d  g a s ,  t h e  s p e c i f i c  
l i f t i n g  f o r c e  of  Helium of X% p u r i t y  may 
b e  c a l c u l a t e d  by, 
L i f t  = t0.0754 x  100 l b / f t 3 }  
- { ( l o o - X )  x .0754 l3  
+ { X  x  .0104} l b / f t  (1) 
where ,  
l i n e  1 is t h e  D i s p l a c e d  A i r  
l i n e  2 is  t h e  A i r  i n  t h e  mix 
l i n e  3  is  t h e  Helium i n  t h e  mix 
T a b l e  2 shows t h e  s p e c i f i c  l i f t  f o r  
Helium a t  v a r i o u s  p e r c e n t a g e s  of p u r i t y .  
TABLE 2. E f f e c t  of G a s  P u r i t y  on L i f t  
P u r i t y  S p e c i f i ~  L i f t  
% l b / f  t 
100 .0650 
9  9  -0644 
9  8  .0637 
97 .0631 
96 -0624 
9 5 .0615 
9 4 .0611 
9  3  .0605 
92 .0598 
91  .0592 
90 .0585 
A s  an  a p p r o x i m a t i o n  t o  t h e  l i f t i n g  
c a p a c i t y  of Helium, one might  u s e  t h e  
n i n e t y  t h r e e / n i n e t y  two p e r c e n t  p u r i t y  
b e c a u s e  it g i v e s  a  round number of s i x t y  
pounds p e r  one thousand c u b i c  f e e t .  
Al though t h i s  is a  lower  ' t h a n  would norm- 
a l l y  be  used  i n  a i r s h i p  o p e r a t i o n s ,  it is 
a  c o n s e r v a t i v e  f i g u r e  i n  t h a t  t h e  a c t u a l  
l i f t  w i l l  p r o b a b l y  be l a r g e r  t h a n  p re -  
d i c t e d .  The e s s e n t i a l  f a c t  t o  n o t e  from 






























































d o e s  t h e  s p e c i f i c  l i f t .  By t h e  t i m e  t h e  
p u r i t y  h a s  d r o p p e d  f rom n i n e t y  s i x  p e r c e n t  
t o  n i n e t y  p e r c e n t ,  s i x  and  o n e - h a l f  p e r -  
c e n t  o f  t h e  S t a t i c  L i f t  h a s  b e e n  l o s t .  
ATMOSPHERIC EFFECTS 
Ambient  A i r  P r e s s u r e  ( A l t i t u d e )  
A i r s h i p s  may b e  d i v i d e d  i n t o  two gene -  
r a l  c o n f i g u r a t i o n  t y p e s ;  t h e  n o n - r i g i d ,  o r  
p r e s s u r e  a i r s h i p  and  t h e  r i g i d  a i r s h i p .  I n  
t h e  f o r m e r ,  t h e  s l i g h t  o v e r p r e s s u r e  o f  t h e  
l i f t i n g  g a s  p r o v i d e s  t h e  s h a p e  o f  t h e  
v e h i c l e  w i t h i n  t h e  l i m i t a t i o n s  o f  t h e  
s h a p e  o f  t h e  e n v e l o p e .  I n  t h e  r i g i d  air-  
s h i p ,  t h e  s h a p e  o f  t h e  v e h i c l e  is d e t e r -  
mined by t h e  s t r u c t u r a l  f ramework,  h e n c e  
t h e  term r i g i d ,  and t h e  l i f t i n g  g a s  is  
c o n t a i n e d  i n  a series of i n d i v i d u a l  ce l l s  
w i t h i n  t h e  f ramework.  
I n  a  r i g i d  a i r s h i p ,  t h e  l i f t i n g  g a s  
c e l l s  a r e  b u t  p a r t i a l l y  f i l l e d  a t  s e a  
l e v e l  and  a s  t h e  p r e s s u r e  o f  t h e  s u r -  
r o u n d i n g  a i r  d e c r e a s e s  w i t h  a n  i n c r e a s e  i n  
a l t i t u d e ,  t h e  l i f t i n g  g a s  e x p a n d s  as t h e  
i n t e r n a l  ( g a s )  p r e s s u r e  d e c r e a s e s  t o  ma tch  
t h e  e x t e r n a l  ( a i r )  p r e s s u r e .  A l t h o u g h  it 
m i g h t  seem t h a t  inasmuch a s  t h e  same 
w e i g h t  o f  l i f t i n g  g a s  is d i s p l a c i n g  a  
l a r g e r  volume o f  a i r ,  t h a t  t h e  l i f t  o f  t h e  
a i r s h i p  would i n c r e a s e .  T h a t  is n o t  t h e  
f a c t ,  however ,  b e c a u s e  t h e  l a r g e r  volume 
o f  a i r  t h a t  is now b e i n g  d i s p l a c e d  h a s  
a l s o  d e c r e a s e d  i n  d e n s i t y  and t h e r e f  o r e  
w e i g h s  less. 
Once t h e  r i g i d  a i r s h i p  h a s  r e a c h e d  a n  
a l t i t u d e  where  t h e  l i f t i n g  g a s  ce l ls  are 
o n e  hundred  p e r c e n t  f u l l ,  a n y  a d d i t i o n a l  
i n c r e a s e  i n  a l t i t u d e  w i l l  r e s u l t  i n  a  
s p i l l i n g  o f  t h e  l i f t i n g  g a s .  A s  l o n g  a s  
t h e  a i r s h i p  is m a i n t a i n e d  i n  a  c o n d i t i o n  
of  o n e  hundred  p e r c e n t  f u l l  ce l l s ,  t h e r e  
is  l i t t l e  c h a n g e  i n  S t a t i c  L i f t  d u e  t o  t h e  
f a c t  t h a t  a volume o f  a i r  w i t h  d e c r e a s i n g  
w e i g h t  is b e i n g  d i s p l a c e d  by a  volume o f  
g a s  of  d e c r e a s i n g  w e i g h t .  As t h e  r i g i d  
a i r s h i p  d e s c e n d s ,  however ,  t h e  l e s s - t h a n -  
f u l l  l i f t i n g  g a s  ce l l s  d i s p l a c e  less a i r  
and  t h e  S t a t i c  L i f t  is d e c r e a s e d .  The 
f u l l n e s s  o f  t h e  l i f t i n g  g a s  cells  a t  s e a  
l e v e l  d e f i n e s  t h e  amount o f  S t a t i c  L i f t  
t h a t  c a n  b e  d e v e l o p e d  and  t h i s  f u l l n e s s  
a l s o  d e f i n e s  t h e  maximum o p e r a t i n g  a l t i -  
t u d e  o f  t h e  a i r s h i p .  
I n  a  n o n - r i g i d  a i r s h i p ,  t h e  l i f t i n g  
g a s  is k e p t  a t  a  s m a l l  o v e r p r e s s u r e  a b o v e  
a t m o s p h e r i c  i n  o r d e r  t o  m a i n t a i n  t h e  s h a p e  
of  t h e  e n v e l o p e .  T h i s  is a c c o m p l i s h e d  by 
o n e  o r  more s m a l l  a i r  b a g s ,  c a l l e d  
b a l l o n e t s ,  i n s i d e  t h e  e n v e l o p e .  Pumping 
a i r  i n t o  t h e  b a l l o n e t s  p r o d u c e s  a n  
i n c r e a s e  i n  t h e  i n t e r n a l  p r e s s u r e  o f  t h e  
a i r s h i p .  A s  t h e  a i r s h i p  a s c e n d s ,  t h e  
l i f t i n g  g a s  e x p a n d s  d u e  t o  t h e  r e d u c t i o n  
of  t h e  a m b i e n t  a i r  p r e s s u r e ,  and  i n  o r d e r  
t o  p r e v e n t  o v e r p r e s s u r i z a t i o n  o f  t h e  
e n v e l o p e ,  a i r  i s  p e r m i t t e d  t o  e s c a p e  f rom 
t h e  b a l l o n e t s .  I t  is c u s t o m a r y  t o  have  
a u t o m a t i c  v a l v e s  on  a i r s h i p s  t h a t  open  a t  
p r e s e t  p r e s s u r e s  t o  p e r m i t  t h e  b a l l o n e t  
a i r  t o  e s c a p e  when t h e  p r e s s u r e  r e a c h e s  a 
p r e d e t e r m i n e d  v a l u e  a b o v e  t h e  normal  
l i f t i n g  g a s  p r e s s u r e .  As t h e  a i r s h i p  de -  
s c e n d s ,  a i r  must  b e  pumped i n t o  t h e  
b a l l o n e t s  s o  a s  t o  m a i n t a i n  t h e  i n t e r n a l  
p r e s s u r e  and e n v e l o p e  s h a p e .  T h i s  is 
u s u a l l y  a c c o m p l i s h e d  by u s i n g  a  powered 
b l o w e r  a n d / o r  wash f rom t h e  p r o p e l l e r  
s y s t e m  
When t h e  p r e s s u r e  a i r s h i p  r e a c h e s  a n  
a l t i t u d e  where  t h e  b a l l o n e t s  a r e  
c o m p l e t e l y  empty  and t h e  e n v e l o p e  is 
c o m p l e t e l y  f u l l  of l i f t i n g  g a s ,  i f  t h e  
i n t e r n a l  p r e s s u r e  is t o  b e  m a i n t a i n e d  a  
c o n s t a n t  as t h e  a i r s h i p  c o n t i n u e s  t o  rise, 
some o f  t h e  l i f t i n g  g a s  mus t  b e  a l l o w e d  t o  
e s c a p e .  A l though  v a l u e s  may b e  p r o v i d e d  
t h a t  w i l l  open  a u t o m a t i c a l l y  a t  a p r e s e t  
o v e r p r e s s u r e  t o  v e n t  Hel ium,  it is 
c u s t o m a r y  t o  m a n u a l l y  v a l v e  t h e  Hel ium,  i f  
t h i s  is r e q u i r e d ,  s o  t h a t  t h e  o p e r a t o r  c a n  
h a v e  a n  i n d i c a t i o n  of how must  He l ium h a s  
b e e n  p e r m i t t e d  t o  e s c a p e .  
T h e r e  is some a l t i t u d e  a t  wh ich ,  w i t h  
t h e  b a l l o n e t s  c o m p l e t e l y  empty it is j u s t  
p o s s i b l e  t o  r e t u r n  t o  t h e  g r o u n d  w i t h  t h e  
b a l l o n e t s  f i l l e d  t o  c a p a c i t y .  T h i s  
a l t i t u d e  is c a l l e d  P r e s s u r e  H e i g h t .  F l i g h t  
a b o v e  P r e s s u r e  H e i g h t  w i l l  r e s u l t  i n  t h e  
b a l l o n e t s  becoming c o m p l e t e l y  f i l l e d  p r i o r  
t o  t h e  a i r s h i p  r e a c h i n g  t h e  g round  on i t s  
d e s c e n t  and  t h e n  some o t h e r  m e a s u r e s  mus t  
b e  t a k e n  t o  m a i n t a i n  t h e  s h a p e  and 
p r e s s u r e  o f  t h e  e n v e l o p e .  The most  common 
m e a s u r e  is t h e  a d d i t i o n  o f  a i r  t o  t h e  
l i f t i n g  g a s .  T h i s ,  o f  c o u r s e ,  r e d u c e s  t h e  
p u r i t y .  
Below P r e s s u r e  H e i g h t ,  a  c h a n g e  i n  
a l t i t u d e  o r  a c h a n g e  i n  b a r o m e t r i c  
p r e s s u r e  h a s  l i t t l e  e f f e c t  on S t a t i c  L i f t .  
Above P r e s s u r e  H e i g h t ,  a n  i n c r e a s e  i n  
a l t i t u d e  o r  a  d e c r e a s e  i n  b a r o m e t r i c  
p r e s s u r e  p r o d u c e s  a  c h a n g e  i n  S t a t i c  L i f t  
as shown by: 
A S t a t i c  L i f t  ( % I  = 0.0104 x  
{ 7 . 2 5 x ( 1 - P 1 / p 2 ) } x 1 0 O  ( 2 )  
where  
0 .0104 = S p e c i f i c  w e i g h t  o f  H e  - l b / f t  3  
7.25 = R a t i o  o f  g a s  c o n s t a n t ,  H e  t o  A i r  
Po I I n i t i a l  a t m o s p h e r i c  p r e s s u r e  
P1 - Reduced a t m o s p h e r i c  p r e s s u r e  
The r e l a t i o n s h i p  f o r  S t a t i c  L i f t  
p e r c e n t a g e  c h a n g e  may b e  s i m p l i f i e d  as: 
S t a t i c  L i f t  ( % )  = 1 2 1  x  (1 - pl/P ) ( 3 )  
The r e l a t i o n s h i p  f o r  t h e  p r ? s s u r e  
c h a n g e  w i t h  a l t i t u d e  c a n  b e  f o u n d  f rom t h e  
ICAO r e l a t i o n s h i p  f o r  p r e s s u r e  a s  a  
f u n c t i o n  o f  a l t i t u d e  ( H I  as: 
As a g e n e r a l  r u l e  o f  thumb, one  may 
c o n s i d e r  t h a t  a b o v e  P r e s s u r e  H e i g h t ,  a  o n e  
p e r c e n t  r e d u c t i o n  i n  S t a t i c  L i f t  w i l l  
o c c u r  f o r  e a c h  two hundred  t h i r t y  f e e t  i n  
a l t i t u d e  i n c r e a s e  or f o r  e a c h  0 .25  i n c h e s  
o f  m e r c u r y  d e c r e a s e  i n  t h e  b a r o m e t r i c  t e m -  
p e r a t u r e .  
U n l e s s  t h e  p r e s s u r e  a i r s h i p  is 
c o n s i d e r a b l y  a b o v e  t h e  P r e s s u r e  H e i g h t ,  a  
decrease i n  a l t i t u d e  o r  a n  i n c r e a s e  i n  
b a r o m e t r i c  p r e s s u r e  w i l l  have  l i t t l e  o r  no  
e f f e c t  on  t h e  S t a t i c  L i f t  inasmuch a s  t h e  
l i f t i n g  g a s  w i l l  c o n t r a c t  and t h e  a i r s h i p  






























































Ambient  A i r  T e m p e r a t u r e  
Below P r e s s u r e  H e i g h t ,  a n y  i n c r e a s e  o r  
d e c r e a s e  i n  t h e  a m b i e n t  a i r  t e m p e r a t u r e  
w i l l  have  i n s i g n i f i c a n t  e f f e c t s  on  t h e  
S t a t i c  L i f t ,  p r o v i d e d  t h a t  t h e  l i f t i n g  g a s  
and  t h e  a m b i e n t  a i r  a r e  a t  t h e  same 
t e m p e r a t u r e .  
Above P r e s s u r e  H e i g h t ,  a n  i n c r e a s e  i n  
a m b i e n t  a i r  t e m p e r a t u r e  r e d u c e s  t h e  S t a t i c  
L i f b  a p p r o x i m a t e l y  two p e r c e n t  f o r  e v e r y  
1 0  F. T h i s  c h a n g e  is d u e  t o  t h e  r e l a t i v e  
e x p a n s i o n  rates o f  a i r  and Helium. A 
d e c r e a s e  i n  a m b i e n t  t e m p e r a t u r e  a b o v e  
P r e s s u r e  H e i g h t  ( u n l e s s  it o c c u r s  a  
c o n s i d e r a b l e  d i s t a n c e  a b o v e  t h e  P r e s s u r e  
H e i g h t )  h a s  n e g l i b i b l e  e f f e c t  on t h e  
S t a t i c  L i f t ,  inasmuch a s  t h e  d e c r e a s e  i n  
t e m p e r a t u r e  r e s u l t s  i n  a  c o o l i n g  o f  t h e  
l i f t i n g  g a s  w i t h  a  c o n t r a c t i o n  o f  t h e  g a s  
and  t h e  a i r s h i p  is no l o n g e r  a t  P r e s s u r e  
H e i g h t .  
~ i f f e r e n t i a l  A i r  T e m p e r a t u r e  
B e c a u s e  o f  l o c a l  h e a t i n q ,  u s u a l l y  f rom 
t h e  s u n  on t h e  e n v e l o p e ,  it  is p o s s i b l e  
f o r  t h e  l i f t i n g  g a s  t o  b e  a t  a  d i f f e r e n t  
t e m p e r a t u r e  t h a n  t h e  s u r r o u n d i n g  a i r .  I f  
t h e  s u n  w e r e  t o  h e a t  t h e  l i f t i n g  g a s  s o  
t h a t  it is  a t  a  h i g h e r  t e m p e r a t u r e  t h a n  
t h e  s u r r o u n d i n g  a i r ,  a  c o n d i t i o n  c a l l e d  
' S u p e r h e a t ' ,  t h e  same w e i g h t  o f  l i f t i n g  
g a s  would b e  d i s p l a c i n g  a l a r g e r  volume o f  
a i r ,  and t h e r e f o r e  a l a r g e r  w e i g h t  o f  a i r .  
T h i s  p r o d u c e s  a n  i n c r e a s e  i n  S t a t i c  L i f t .  
Inasmuch a s  t h e  s p e c i f i c  d e n s i t y  o f  t h e  
g a s  is  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  r a t i o  
o f  a b s o l u t e  t e m p e r a t u r e s ,  t h e  p e r c e n t a g e  
i n c r e a s e  i n  S t a t i c  L i f t  d u e  t o  a  
t e m p e r a t u r e  i n c r e a s e  ( p o s i t i v e  S u p e r h e a t )  
may b e  found  f rom t h e  r e l a t i o n s h i p :  
Where 
T = A i r  t e m p e r a t u r e  OR 
T: = L i f t i n g  g a s  t e m p e r a t u r e  OR 
F o r  o n e  hundred  p e r c e n t  p u r e  Hel ium 
s t a n d a r d  s e a  l e v e l  c o n d i t i o n s ,  a  10  
S u p e r h e a t  be low P r e s s u r e  H e i g h t  i n c r e a s e s  
t h e  S t a t i c  L i f t  a b o u t  2%. 
Above P r e s s u r e  H e i g h t  t h e  l o s s  o f  t h e  
l i f t i n g  g a s  as it h e a t s  r e s u l t s  i n  a  v e r y  
s l i g h t  i n c r e a s e  i n  S t a t i c  L i f t .  
A n e g a t i v e  S u p e r h e a t  r e s u l t s  i n  S t a t i c  
L i f t  c h a n g e s  b o t h  a b o v e  and  be low P r e s s u r e  
H e i g h t .  I n  b o t h  cases t h e  c h a n g e  i n  S t a t i c  
L i f t  i f  a p p r o x i m a t e l y  2% f o r  e a c h  10  OF 
t e m p e r a t u r e  d i f f e r e n t i a l .  The d e c r e a s e  i n  
S t a t i c  L i f t  a b o v e  P r e s s u r e  H e i g h t  is d u e  
t o  t h e  f a c t  t h a t  t h e  g a s  c o n t r a c t s  and  t h e  
a i r s h i p  is no  l o n g e r  a t  P r e s s u r e  H e i g h t .  
Humid i ty  
The b a s i c  ca l cu1a t :ons  f o r  S t a t i c  L i f t  
were  b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  a i r  
was d r y .  When t h e  a i r  is humid,  t h e r e  is a  
l o s s  of  S t a t i c  L i f t  c a p a b i l i t y .  T a b l e  3  
shows t h e  e f f e c t  o f  o n e  hundred  p e r c e n t  
h u m i d i t y  on S t a t i c  L i f t  a t  v a r i o u s  
t e m p e r a t u r e s .  The T a b l e  shows t h e  
p e r c e n t a g e  c h a n g e s  i n  S t a t i c  L i f t  f rom d r y  
a i r  ( z e r o  h u m i d i t y ) .  
V a l u e s  f o r  less t h a n  one  hundred  p e r -  
c e n t  h u m i d i t y  may b e  a p p r o x i m a t e d  by a  
s t r a i g h t  l i n e  i n t e r p o l a t i o n  be tween  t h e  
z e r o  l o s s  o f  l i f t  a t  z e r o  h u m i d i t y  and t h e  
l o s s e s  l i s t e d  i n  T a b l e  3  f o r  o n e  hundred  
p e r c e n t  h u m i d i t y .  
TABLE 3 .  E f f e c t  o f  100% Humid i ty  
TEMPERATURE LOSS OF STATIC LIFT 
20 gOF 0 . 1  % 
32 F 0 .2  % 
50 OF 0 . 5  % 
70 OF 1 . 0  % 
86 OF 1 . 6  % 
R a i n  
B e c a u s e  o f  t h e  n a t u r e  of many of t h e  
c l o t h  m a t e r i a l s  u s e d  f o r  t h e  o u t e r  c o v e r  
of a n  a i r s h i p ,  t h e  a i r s h i p  c a n  a c c u m u l a t e  
l a r g e  w a t e r  , l o a d s  i n  r a i n s t o r m s .  I t  is 
p r a c t i c a l l y  i m p o s s i b l e  t o  p r e d i c t  t h e  
amount o f  t h e s e  l o a d s  inasmuch a s  t h e y  a r e  
a f u n c t i o n  o f  t h e  s e v e r i t y  o f  t h e  r a i n ,  
t h e  t e m p e r a t u r e  o f  t h e  e n v e l o p e ,  t h e  p o s t -  
r a i n  a m b i e n t  c o n d i t i o n s  a n d ,  of  c o u r s e ,  
t h e  n a t u r e  o f  t h e  m a t e r i a l  c o v e r i n g .  The 
i n c r e a s e d  w e i g h t ,  which  acts t o  r e d u c e  t h e  
u s e a b l e  S t a t i c  L i f t ,  may be  a s  much as 
o n e - t h i r d  of  t h e  maximum S t a t i c  L i f t  t h a t  
c a n  b e  d e v e l o p e d .  A l though  t h i s  phenomena 
is  u s u a l l y  o n e  t o  b e  a v o i d e d ,  it h a s  b e e n  
u s e d  f r e q u e n t l y  t o  i n c r e a s e  t h e  n e t  h e a v i -  
n e s s  of a n  a i r s h i p  a f t e r  it h a s  become 
l i g h t  d u r i n g  a  l o n g  f l i g h t .  The a c t  of  
f l y i n g  t h r o u g h  a  s m a l l  r a i n  s q u a l l  p r i o r  
t o  l a n d i n g  may improve  t h e  l a n d i n g  capa -  
b i l i t y .  
Snow/Ice  
I t  is p o s s i b l e  f o r  an  a i r s h i p  i n  
f l i g h t ,  e s p e c i a l l y  a t  v e r y  low v e l o c i t i e s ,  
t o  p i c k  up snow l o a d s  i f  t h e  snow h a s  a  
h i g h  m o i s t u r e  c o n t e n t .  I n  p a r t i c u l a r ,  
t h e s e  l o a d s  may c o n c e n t r a t e  on h o r i z o n t a l  
o r  t h e  u p p e r  X-con£ i g u r a t i o n  c o n t r o l  s u r -  
f a c e s  and a t  t h e  n o s e .  Because  o f  t h e  
l a r g e  f l a t  s u r f a c e  on t h e  t o p  p a n e l  o f  t h e  
r i g i d  a i r s h i p s  Akron and Macon, it was 
c u s t o m a r y  t o  m a n u a l l y  sweep any  snow 
a c c u m u l a t i o n  f rom t h e  t o p  p r i o r  t o  com- 
mencing a  l a n d i n g .  
B e c a u s e  o f  t h e  l a r g e  exposed  s u r f a c e  
a r e a  o f  even  t h e  s m a l l e s t  a i r s h i p ,  ice  
a c c u m u l a t i o n  f rom f r e e z i n g  r a i n  is a  more 
s e r i o u s  p rob lem.  A q u a r t e r  i n c h  accumula-  
t i o n  of ice o v e r  30 ,000 s q u a r e  f e e t  o f  
e n v e l o p e  h a s  a w e i g h t  i n  e x c e s s  o f  
e i g h t e e n  t o n s ! .  T h i s  is a p p r o x i m a t e l y  t h e  
u p p e r  s u r f a c e  a r e a  o f  a  U .  S. Navy ZPG-2 
a i r s h i p .  
F o r t u n a t e l y ,  u n l e s s  t h e  a c c u m u l a t i o n  
o f  ice is heavy  and r a p i d ,  it may b e  
p o s s i b l e  t o  a l l e v i a t e  t h e  ice b u i l d - u p  by 
v a r y i n g  t h e  i n t e r n a l  p r e s s u r e  and t h u s  
making t h e  e n v e l o p e  a  l a r g e  d e - i c e r  b o o t .  
A p o t e n t i a l l y  more s e r i o u s  p r o b l e m  
f r o m  snow and  ice a c c u m u l a t i o n  may o c c u r  
w h i l e  t h e  a i r s h i p  is moored on t h e  g round .  
P s e u d o - S t a t i c  L i f t  
Even a t  z e r o  o r  n e a r  z e r o  a i r s p e e d s ,  
a  p i l o t  o f  a  L igh te r -Than-Ai r  v e h i c l e  may 
e x p e r i e n c e  f a l s e  i n d i c a t i o n s  of t h e  s t a t i c  
c o n d i t i o n  o f  t h e  a i r c r a f t  due  t o  a i r  
t h e r m a l s .  T h i s  is o b v i o u s  n e a r  c l o u d  
f o r m a t i o n s  t h a t  have  u p d r a f t s  and down 






























































s e v e r e )  t h e r m a l s  e x i s t  over  l a n d  and w a t e r  
i n  c l e a r  a i r .  These t h e r m a l s  a r e  u s u a l l y  
t h e  r e s u l t  of d i f f e r e n t i a l  h e a t i n g  of t h e  
s u r f a c e  of t h e  e a r t h  and a r e  p a r t i c u l a r l y  
n o t i c e a b l e  when f l y i n g  c l o s e  t o  t h e  
s u r f a c e  and p a s s i n g  from a  plowed f i e l d  
( n o  r i s i n g  a i r )  o v e r  t o  a  g r e e n  f i e l d  o r  a  
wooded a r e a  ( r i s i n g  c u r r e n t s ) .  A s i m i l a r  
c o n d i t i o n  u s u a l l y  e x i s t s  when p a s s i n g  from 
o v e r  t h e  ocean t o  an o v e r  t h e  s h o r e  
p o s i t i o n .  I n  b o t h  of t h e s e  c a s e s  t h e  
a i r s h i p  h a s  a  t endency  t o  r ise a s  though 
it had an  i n c r e a s e  i n  S t a t i c  L i f t .  
In-Fl ight  Val idat ion  of  S t a t i c  Condifion 
Due t o  t h e  g e n e r a t i o n  of Dynamic L i f t  
by t h e  e n v e l o p e  and t h e  h o r i z o n t a l  f i n s ,  
t h e  o n l y  way t o  v a l i d a t e  t h e  s t a t i c  condi -  
t i o n  of an  a i r b o r n e  a i r s h i p  is t o  reduce  
t h e  fo rward  v e l o c i t y  t o  z e r o  o r  t o  n e a r  
z e r o .  
The p i l o t s  and/or  t h e  f l i g h t  e n g i n e e r  
u s u a l l y  have a t  l e a s t  a  menta l  runn ing  
t o t a l  of we igh t  changes d u r i n g  a  
f l i g h t ,  b u t  t h e  e f  f f e c t s  of S u p e r h e a t ,  
m o i s t u r e  on t h e  e n v e l o p e ,  e t  c e t e r a  may 
r e s u l t  i n  a  d i f f e r e n t  s t a t i c  c o n d i t i o n .  By 
s lowing  t h e  a i r s h i p  t o  remove t h e  e f f e c t s  
of dynamic l i f t ,  t h e  p i l o t  can a t  l e a s t  
v a l i d a t e  t h e  s t a t i c  c o n d i t i o n  t r e n d ,  and,  
p e r h a p s  even of g r e a t e r  impor tance ,  t h e  
p i l o t  can  d e t e r m i n e  t h e  s t a t i c  t r i m  of t h e  
a i r s h i p .  
P a r t i c u l a r l y  f o r  a  p r e s s u r e  a i r s h i p  
w i t h  m u l t i p l e  b a l l o n e t s ,  t h e  s t a t i c  t r i m  
of t h e  a i r s h i p  may have changed 
s i g n i f i c a n t l y  s i n c e  t ake-of f  and t h i s  t r i m  
can  e a s i l y  be masked by Dynamic L i f t  
and /or  a u t o m a t i c  c o n t r o l  sys tems .  
The p r o c e d u r e  f o r  s lowing  t h e  a i r s h i p  
( t o  z e r o  a i r s p e e d  i f  it d o e s  n o t  have t o o  
much s t a t i c  h e a v i n e s s )  and check ing  t h e  
s t a t i c  t r i m  is c a l l e d  "weighing o f f " .  
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